Abstract Actinomycosis is an indolent, slowly progressive, suppurative infection caused by gram-positive branching bacteria of the genus Actinomyces. The organism is a member of the oral and gastrointestinal microflora of humans. The disease actinomycosis most commonly occurs in 3 body regions: cervicofacial (55% of patients), abdominopelvic (20%), and pulmonothoracic (15%). Involvement of other parts of the body is uncommon and usually secondary to a lesion in one or the other of the above sites. Extremity disease can occur by secondary involvement through direct extension or hematogenous spread. However, primary actinomycosis of an extremity is very rare. A case of primary actinomycosis of the foot in a Hispanic male and a literature review with an emphasis on primary actinomycosis of the extremity are presented in this article.
Introduction
Actinomycosis is an indolent, slowly progressive, suppurative infection caused by gram-positive branching bacteria of the genus Actinomyces. The organism is a member of the oral and gastrointestinal microflora of humans. The disease actinomycosis most commonly occurs in 3 body regions: cervicofacial (55% of patients), abdominopelvic (20%), and pulmonothoracic (15%). 1 Involvement of other parts of the body is uncommon and usually secondary to a lesion in one or the other of the above sites. Extremity disease can occur by secondary involvement through direct extension or hematogenous spread. However, primary actinomycosis of an extremity is very rare. A case of primary actinomycosis of the foot in a Hispanic male and a literature review with an emphasis on primary actinomycosis of the extremity are presented in this article.
Case History
A 42-year-old construction worker from Mexico was first seen in the wound center with a chief complaint of a left swollen foot slowly progressing over multiple years. He complains of multiple small wounds with purulent drainage on the plantar aspect of the left foot. The patient was in his usual state of health until approximately 3 years ago, when he noted some discoloration of the left plantar area. The swelling got progressively worse over approximately 2 years and had been unchanged during the past year. Before presenting to us, he had been seen in the past 6 months by several physicians, who treated him with oral antibiotics. The patient stated, from time to time he developed localized swelling in the left foot, usually on the lateral and metatarsal area, which he squeezed to obtain small amounts of purulent fluid that had mild foul odor at times. The patient also reports work-related repeated trauma to the left foot.
On examination, the patient was afebrile, and his systemic examination was negative. Local examination showed a massively swollen left foot from the metatarsal area to the toes. The skin was thick, hyperpigmented, and with a few dry fistulous tracts. The plantar area of foot had multiple small sinus lesions with some nodules, no foul odor, no areas of drainage, and no subcutaneous crepitus (Figure 1 ). Two fistulous tracts in the medial aspect of the heel were noted. There were no lymphatic streaks or palpable inguinal adenopathy. Peripheral pulses were present.
Laboratory findings included a white blood cell count of 8,200, hematocrit of 38%, a platelet count of 337,000, erythrocyte sedimentation rate of 50, and C-reactive protein of 1.91. Blood cultures were negative on 2 different occasions. Magnetic resonance imaging was read as showing chronic inflammation and hypertrophy of the skin and osteomyelitis with involvement of the midtarsals and distal tarsals, all of the metatarsals, and the first and second phalange of the foot. These changes were confirmed on a bone scan.
A biopsy of the left foot was stained with hematoxylin and eosin showing epidermal and soft tissue abscess formation, with many of the abscesses containing purple filamentous sulfur granules (Figure 2 ). The biopsy also showed sinus tract formation throughout the soft tissue and hemosiderin deposition within the dermis. No fungal organisms were identified on the Gomori's methenamine silver stain. Identification of the organism as Actinomyces israelii was made on the morphologic and biochemical characteristics. A culture of the biopsy with antibiotic sensitivity was found to be sensitive to penicillin.
Because of extensive osteomyelitis, a below-the-knee amputation was advised. However, the patient refused.
Thus, he was started on long-term amoxicillin antibiotic therapy and 30 treatments of hyperbaric oxygen. At completion of hyperbaric oxygen therapy, the patient had decreased exudate from the sinuses and was found to have improvement in swelling of the foot.
Epidemiology
The disease actinomycosis was formerly a common disease in humans (most common etiology, A. israelii) and cattle (A. bovis); however, as dental care has improved and antibiotics have become more widely used, the disease has become rare in the United States. 1 For this reason, high-risk patients are those who do not seek or have access to health care. Early reports incorrectly classified actinomyces as an aerobic organism that could be cultured from the environment; however, it is now well accepted that actinomyces cannot be cultured from nature, and there are no documented cases of person-to-person transmission. 2 One study found actinomyces in the oral mucous membranes in nearly 100% of infants by 2 years of age, 3 whereas other studies have shown actinomyces to also be a member of the endogenous microflora of the gastrointestinal tract and female genital tract. 4 Reports indicate that actinomycosis can occur in all ages, with a peak incidence occurring in the middle decades. It is well reported that males are infected more frequently than females, at a ratio of approximately 3 to 1. 1, 5, 6, 7, 8 Explanations have postulated that males are more prone to oral trauma and have poorer dental hygiene. 1 
Clinical Pathophysiology and Pathogenesis of Actinomycosis
Actinomyces species are endogenous to the body and live normally within the human microflora mentioned earlier. The pathogenic form is parasitic and occurs when there is disruption of the mucosal barrier and the organism inoculates into soft tissues where there is impaired blood supply. 1, 9 Spread of the organism occurs through direct extension without regard to tissue planes, lymphatics, or hematogenous routes. Thus, systemic disease, extremity involvement, and regional adenopathy are not common manifestations.
1 Pathogenesis may involve the ability of these organisms to suppress some of the immune functions of the host. Actinomyces have been shown to be chemotactic, to activate blastogenesis, and to stimulate the release of lysosomal enzymes from polymorphonuclear leukocytes and macrophages. 9 However, when phagocytized by host defense cells, they cannot be killed and thus are defined as facultative intracellular parasites similar to Mycoplasma tuberculosis in their disease-causing role. 1 This explains the strong tendency to cause chronic granulomatous inflammation of soft tissues and external sinuses, 1 although the factor responsible for this unique pathogenesis has not been determined. 9 Actinomyces, being saprophytes, do not produce exotoxins or significant amounts of other toxic substances. It is interesting that other bacteria have been cultured in as many as 99% of actinomycosis lesions, giving the other bacteria the name companion microbes.
2,10 These other bacteria frequently consist of anaerobic streptococci, fusiform bacilli, hemophilus species, and various gram-negative bacilli. Actinomyces and the companion microbes are apparently synergistic in their relationship and are found in both open and closed lesions, suggesting the possibility of either primary or secondary infection. Since studies have proven that pure actinomyces inoculation of laboratory animals does not produce disease, it is postulated that these associated bacteria create an anaerobic environment allowing actinomyces to thrive and grow. 1 The lesions usually appear as single or multiple indurated swellings. As the swellings mature, purulent loculations develop, and central suppuration causes the swellings to become soft (Figure 2) . Microscopically, lesions consist of a dense outer zone of granulation tissue made up of collagen and fibroblasts. The granulation tissue forms multiple loculations with a purulent center containing sulfur granules surrounded by neutrophils, microcolonies of actinomyces, cellular debris, and other associated microorganisms (Figures 3 and 4) . The sulfur granules are virtually diagnostic. They range in size from microscopic to macroscopic, and each loculation contains 1 to 6 sulfur granules. 2 On physical examination, the fibrous walls of the lesion may be characterized as ''wooden,'' and if central suppuration does not occur, they are frequently confused with neoplasms. 11 The skin often assumes a bluish or purplish to red hue. With time, sinus tracts develop and extend to adjacent tissue, eg, skin, bone, or organs, depending on the location. These sinus tracts can spontaneously open or close elsewhere. 2 
Reported Clinical Manifestation
As stated above, actinomycosis is most commonly reported in 3 body regions: cervicofacial, abdominopelvic, and pulmonothoracic; however, other rare presentations have also been reported. Hematogenous dissemination can occur from the common primary sites and is reported to occur in 3% of cases. 12 The most frequent source of hematogenous spread is reported to be from initial pulmonary infection, following aspiration of contents. 13 Actinomycosis infections have also occurred in surgical-and medicalrelated foreign bodies. Zaman et al have identified cases of actinomycosis in infected hip prosthesis patients with a recent dental extraction in 2 of the cases and a history of IV drug abuse in 1 case. 14, 15 Also, the epidemiologic association between use of an intrauterine device and pelvic actinomyces infections has been clearly demonstrated in several studies. 16 Pang et al 12 note that since the first report of anaerobic osteomyelitis in 1844 by Von Langenbeck, 850 cases have been reported. One percent of all reported cases had osteomyelitis with actinomyces. Only 28 cases of osteomyelitis of the extremity have been reported in the literature, with 11 occurring in the hand and foot. 17 Pang et al also note only 1 reported case 18 in the English literature of osteomyelitis of the foot confirmed by culture as Actinomyces israelii.
12
Primary actinomyces of an extremity is very uncommon because of the endogenous habitat of the organism. Reiner et al report that only 36 cases of primary actinomycosis of the extremity have occurred in the past 107 years. Of the 36 reported cases, 21 had a history of perforating trauma, mostly due to oral cutaneous contact such as a biting injury or punch to the mouth. Of the other 15 cases, with no clear trauma history, hematogenous spread is suggested in 7, and the other 8 cases may have had a traumatic injury due to the patient's occupation but could not be documented. Only 4 reported cases in the last 99 years had foot involvement. 8 One of the 4 had a remote history of foot trauma, 18 and in the second case, the patient's occupation of farmer in Sudan may suggest an unknown posttraumatic cause of infection. 19 The third case had a possible hematogenous source, 20 while in the final case, there was no suggested source of infection by history. 21 Two additional cases of primary foot actinomycosis have been reported in the nearly 20 years since the Reiner et al report in 1986. The case of a 50-year-old male with a questionable traumatic etiology and a history of severe gingivitis, who developed osteomyelitis of the foot, was reported in 1987. Cultures of the foot lesion demonstrated Actinomyces meyeri. 12 The most recent report, in 1996, was of a 34-year-old female with a 7-year history of painless swelling of her left foot, fourth interspace. The patient preferred to walk around the house and yard with bare feet; however, no trauma or laceration was reported. The mass was removed surgically, and the pathologist's microscopic evaluation describes Actinomyces species. 22 
Diagnosis
Actinomycosis is a difficult disease to diagnose. 23 Three important clinical presentations should prompt this diagnosis: (1) the chronicity of a masslike lesion that extends through tissue borders and mimics a tumor, (2) the development of sinus tracts that spontaneously resolve and recur, and (3) a relapsing infection following a short course of antibiotics. 2 A correct diagnosis requires a combination of microbiological, molecular, and pathologic studies. A clinical diagnosis starts with obtaining a sample of suppurative exudate, tissue, or sulfur granules (Figure 4) . The literature has described many ways to obtain a sample, depending on the location, such as computed tomography-guided core biopsies of the pelvis 24 and ultrasound-guided fine needle aspiration of the thorax. 25 It is extremely helpful if the sample demonstrates grains in the purulent drainage or histologic section of a surgical specimen. 2 The grains represent infection that occurs in vivo and are merely a conglomeration of microorganisms. A hematoxylin and eosin stain is used to demonstrate the grain, but a Gram or silver stain is used to show that the grain is composed of branching bacteria ( Figure 5 ). It is imperative that antibiotic therapy be withheld until the sample specimen is obtained; otherwise, actinomyces may not be isolated. If antibiotics have been given already, Gram stain is usually more sensitive than culture. A diagnosis of actinomycosis is considered whenever a direct Gram stain of the suppurative exudate shows gram-positive, non-acid-fast rods in diphtheroidal arrangements with or without branching. 2 Actinomyces can be cultured on a rich medium, such as brain heart infusion blood agar, and incubated anaerobically with added carbon dioxide. The source of actinomyces used for culture are taken from crushed granules or well-mixed pus in the absence of granules. 9 The growth usually appears within 5 to 7 days, but primary isolation may take up to 2 to 4 weeks. Traditional identification depends on the combination of isolates: morphologically grown patterns resembling actinomyces species; the tests for urease, catalase, gelatin hydrolysis; and fermentation of cellobiose, trehalose, and arabinose. 2 Many other tests can assist in the diagnosis, such as determination of the metabolic end products by gas-liquid chromatography. 26 Immunofluorescence tests are useful for serologic identification of isolates and the direct demonstration of the organisms in clinical samples. 9 Ambiguous results with non-spore-forming, gram-positive rods can be resolved by sequencing or using restriction analysis of amplified 16S ribosomal DNA. 27 Holmberg 28 highlights various serologic assays that can be used in the diagnosis of actinomyces; however, improvements in sensitivity and specificity are necessary before these assays can be useful in clinical practice. 2 The diagnosis of actinomycosis, especially in the extremity, must be separated from actinomycetoma and botryomycosis. Botryomycosis is a chronic bacterial infection of soft tissues that produces loose clumps of bacteria resembling granules. It is easily separated from actinomycosis by the presence of cocci or nonbranching bacilli. Actinomycetoma is a form of madura foot or mycetoma and caused by nocardia species. 8 Actinomycosis of an extremity and actinomycetoma can produce virtually the same disease characteristics, ie, localized chronic and progressive infection with purulent sinus tract drainage containing granules and involvement of contiguous bone. The 2 diseases are considered distinct and separate clinical entities because of their differences in pathogenesis and habitat. 29 Histologically, on Gram stain they may be indistinguishable; however, Fite modified acid-fast will stain nocardia species but not actinomyces. 2 When the etiology of a granule is in question, specific immunofluorescent stains can be used to isolate the various actinomyces species. 28 The correct diagnosis of actinomycosis versus actinomycetoma is important because they are sensitive to different antibiotic treatments. 8 
Treatment
The drug of choice in the treatment of actinomycosis continues to be penicillin. The principle of therapy began with Peabody and Seabury back in 1960. They have shown that because of the tendency of actinomyces to recur following apparently successful treatment, penicillin is necessary in high doses and for prolonged periods of time. This allows the antibiotic to penetrate the avascular fibrotic walls of the lesion and reach the core of the sulfur granules. 30 Therapy must be individualized, although complicated infections usually require a 2-to-6-week course of 18 million to 24 million units parenteral penicillin G followed by a prolonged course of oral penicillin V or amoxicillin for 6 to 12 months. It is a reasonable approach to also include antibiotic coverage for companion microbes in the initial treatment because many are pathogens on their own. 2 For penicillin-allergic patients, alternatives such as tetracycline, doxycyline, erythromycin, and clindamycin may be given. 31 Newer agents such as imipenem, 32 ceftriaxone, 33 and ciprofloxacin 34 have been used with anecdotal success. Antimicrobial agents that are not effective against actinomyces are oxacillin, dicloxacillin, cephalexin, metronidazole, and aminoglycosides. 35 A combination of antimicrobial and surgical treatments is used in the treatment of actinomyces infection. Some data indicate that medical therapy alone may be all that is needed, even with extensive disease. 36, 37 Radiology modalities such as computed tomography or magnetic resonance imaging can be used to monitor therapy success. 38 In the case of a well-defined abscess, percutaneous drainage is a reasonable option along with medical therapy. 39 A few case reports suggest hyperbaric oxygen therapy may be used as an adjunct with antimicrobial and surgical treatment in refractory actinomycosis infections. 40, 41 Treatment recommendations are limited because of unavailability of an evidence-based protocol for chronic actinomycosis.
